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IN Co} tex, 


The presenter’s extended involvement in 
this investigation has resulted in a certain 
“comfort” with the subject matter. This 
comfort should not be interpreted as being 
cold or unprofessional, nor as a lack of 
respect for the Columbia crew or their 
families; it only reflects the fact that 
extensive time with and exposure to the 
material has enabled coping with this 
tragedy and its outcome. 


maeld elesciome)mialicme)atcvilale 


¢ Summarize the investigation activities, key 
iilarellaretsw-lalem acxere)galantsvalerelalears 
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http://www.nasa.gov/reports 
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e Background 

e Methods 

cy Xero (e(clal am Mipalcai late: 

e Key Findings/Recommendations 
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STS-107 History 


113" flight in the Shuttle Program 
28" flight of OV-102 Columbia 
16 day mission 


Launch: Jan 16, 2003 
15:39 GMT (9:39 am CST) 


81.7 seconds into flight, a piece of insulating foam 
separated from the ET and struck the orbiter’s left wing 


De-orbit burn: Feb. 1, 2003, 13:15 GMT (7:15 am CST) 


' 6 
| is Entry Interface (~400k ft, Mach 24.5) occurred at 13:44:09 GMT 


U 


Jan 16, 2003 Feb 1, 2003 


Planned touchdown was 14:15 GMT (8:15 am CST) 
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Ta\vdexs} ile feldlelam =r-ler.celcelulare 


¢ Columbia Accident Investigation Board 
(COVANT =) oi al-latcla-re alm ot-10 40) 0): 


— A Crew Survival Working Group (CSWG) was 
formed to investigate the Columbia accident 
survival gap 


¢ The group developed a top-level scenario for what 
arele)el=1aio1e mcomialomergo\imanlelelel(= 

an reo) elm ib lalelialemiianiicsxemeatcmiancrsliler-lile)ammr-lalemalema-)ele)al 
was published except for what the CAIB put into their 
report 
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Ta\vcexsy ile feldlelalm =r-ler.celcelulare 
(cont. ) 


¢ CAIB report published in August 2003 
— CAIB report Observation 010.2-1 “Future 
crewed-vehicle requirements should incorporate 
the knowledge gained from the Challenger and 
Columbia accidents in assessing the feasibility of 
vehicles that could ensure crew survival even if 
the vehicle is destroyed.” 
e Spacecraft Crew Survival Integrated 
Investigation Team (SCSIIT).chartered in 
(OJoi (e) oy -) e400)! 
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Ta\vcexsy ile fe\dlelalm =r-le1.celcelulare 
(cont. ) 


¢ SCSIIT Purpose: Form a multi-disciplinary team 
(engineering, life sciences, crew equipment, crew 
training, etc) to learn everything possible from these 
events to improve both current and future crew survival 


— Correlate structural/mechanical/thermal engineering with 
ie) <=) aksj(om @y- dale) (ele hymn ilalel|ale low ce) au ele)iam@ver-1/(=1010(-)ar-\ale Oxo) (6108) 8)[- 


— Generate a report with specific recommendations for the 
lal ars lalexciaais)aime) mere |aacialmvic)al(ei(ctow-lalemialcmi0jielgomel-s<y(0 | alome) i 
manned space vehicles and crew safety equipment, and 
¥sirs 10) |Ksjalr= Were) 0010) c= alc i als )hViom Ole lehVme)mlalie)sant-lilelamielmiellelc-mo)iie)ats 


— Develop “lessons-learned” for investigations and for future 
spacecraft design engineers, physicians supporting manned 
space flight, and NASA managers. 
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ae om Ul ale(<lacir-lalemiatomolaalcealanicialmiatomelccy iy) 
experienced, investigators need to look at the 
accelerations, thermal, and atmospheric aspects 
(0) Mi alcur-lexei(e(-10) 


e Several sources of data are needed for building 
an integrated story — video, debris, vehicle 
telemetry, medical, modeling/ simulation 
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e Video anchored key events 
mall MO}s3o0 0) Oxo) al ie) 

— Vehicle breakup 

— Forebody breakup 
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WiKi atele (sm (oxelal ep 


wan DY <1 0) 6 (sere lac UNAS) komm ©) €O)YA 210 COMM Olom ANT ARIST AISYoINNz 
(ore)an)e)iferelicre 
— Easy to develop a false scenario from one or two 
le) [oxeoxsmre) me (=10) ats 


— Best for broad assessments 
° fire? 
¢ directional loading? 
¢ thermal events? 
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NW/Keviarore tom (ole) a] i) 


¢ Thermal and loads are inter-related due to the trajectory, 
Vale molecme|a\Viclame)vmeyeliiKsli(omalelaalelcys 
— Report includes a “Ballistics Tutorial” 
momen n= 1[=x0100) AY Gee-lars}icli(e)apmanlele (>) cmer- lam lisiem e)ge)v(e(-mualovaaate! 
exposure estimates 
¢ Key point to understand is the ballistic number 
— Difficult to determine ballistic number for complex shapes 


mem =XcUllisli(exsur= late lhVacyismer-talale)mre\everel0) al mie) mmer- toyer-lellale 
cll aexoylaliclaaatcvelr-lccmerelalileleletilelals 
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e Aerodynamic models were used to analyze forebody 
relajaulels 


— Necessary in determining crew accelerations from highly- 
(oli cexotfo)arelm¢-lale mere) atsir-lalihvmevar-lare|jalepme(sreroi(-1e-10le) am (orale ls 
ee Balser late lASSmicmeliiieelie 
— Aerodynamic model of forebody did not exist 
— Results were highly dependent on initial conditions 


— Aerodynamic properties in hypersonic regime not fully 
Uiale(=iacjcelere 
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WiKi atele (sm (oxelal ep 


ay ANA Kc) 90) 0)tcxom (Ome (<\V{-1(0)] OM ialomer-1e)lame(<)electssblapZoll ele 
inated ialowmige)agmele)iaur-lale| (oss 
soma Agatelare|(@ Mm aalcre|(er-lmerelt-mlalellercitc 


e Literature search of past depress accidents 


— What did debris indicate 
e Structural debris — middeck floor 
¢ Debris cluster analysis of crew module structure vs. crew equipment 
¢ Depressurization tests on drink bags and hygiene packages 
— Boundary driven — “not greater than,” “no earlier 
than,” etc 
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Witstaatere fs 


ANG cto tomate lM ici hcm cy diele)cellarclaiiamarclaep 


sein Nice ltciarelismlamr-lmal(elaimcclaa] Mmm (@)ilm @)actsso10 comm ante) are lie)anl(e 
oxygen (highly reactive) environment 


— Hypersonic separation dynamics 
¢ Suit failure —- Why? How? 
¢« Seat Separation 
e Shock wave impingement/shock-shock interaction 


seme =10(0)e(@)ar-lmiaa)ey-\eime)mr-Var-l\Vr4laremeatcmilar-lmanle)antciaiecme) 
the crew’s lives 
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~ Accident Timeline © 


P-\oxoi(o (21a) im inated acca (ere)alep 


13:44:09 Greenwich Mean Time (GMT) (7:44:09 am Central) 
- Entry Interface (~400,000’, Mach 24.5) 


13:58:40 — Backup Flight Software (BFS) Fault Messages 
Wclccmrelabalelarerr-lcsre me) am oler- ce pm (olimialeler- lee ml|aom @)ac\csc10 Rom aor- (ell ale 
goes off scale low 


1 Oss) | am as -(0[-40) 


13:59:37 


14:01:10 


Accident Timeline (cont.) 


¢ 13:44:09 Greenwich Mean Time (GMT) (7:44:09 am Central) - 
Entry Interface (~400,000’, Mach 24.5) 


e 13:58:40 — Backup Flight Software (BFS) Fault Messages were 
annunciated on board, left inboard tire pressure reading goes off 
scale low 


¢ 13:59:32 — Loss Of Signal (LOS) - loss of real time telemetry data 
in the MCC 
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13:59°39,59:37 


14,01:10 


Accident Timeline (cont.) 


e 13:44:09 Greenwich Mean Time (GMT) - Entry Interface 
(~400,000’, Mach 24.5) 


e 13:58:40 — Backup Flight Software (BFS) Fault Messages were 
annunciated on board, left inboard tire pressure reading goes off 
scale low 


e 13:59:32 — Loss Of Signal (LOS) - loss of real time telemetry data 
in the MCC 


¢ 13:59:32 - 13:59:37 - Reconstructed General Purpose Computer 


(RGPC1) data indicate systems nominal, increase to 4 yaw jets & 
bank angle to try to eliminate yaw error & rate 
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13:59°3'3,59:37 


14:01:10 


P-Notoi(o (sla) im iiaatciilarsm (eve)alep 


¢ 13:44:09 Greenwich Mean Time (GMT) - Entry Interface 
(~400,000’, Mach 24.5) 


e 13:58:40 — Backup Flight Software (BFS) Fault Messages were 
annunciated on board, left inboard tire pressure reading goes off 
scale low 


e 13:59:32 — Loss Of Signal (LOS) - loss of real time telemetry data 
in the MCC 


¢ 13:59:32 - 13:59:37 - Reconstructed General Purpose Computer 
(RGPC1) data indicate systems nominal, increase to 4 yaw jets & 
bank angle to try to eliminate yaw error & rate 


Cas RG Solon W Arcus) f= 16 00) IAY{210] (01 (= 0m CO )s3>0 0) Mt OXO) 0 1106) (mm @1@9 bw e)-1-1-10 6/0 ace))| 
Ref alarm at 13:59:46 


— Vehicle dynamics were within human tolerance (probably.no injuries, 
'o]U) me) ge) ey-le)\varelsye)aialilale) 
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13:59:37 - 13:59:46 


———— 


eeks 


———S—————— 


CDR POV Sim Video 


) Vie (sXe) 
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C 
13:59:32.59:37 1 44:00:0F4,00:0° 


14:01:10 


P-Notoi(o (sia) imi iaatciilarcm (eve)alep 


° 14:00:03 - 14:00:05 — RGPC2 data indicate cabin parameters 
VVciecm ale) gents |MurolOpdlit-lava ele) 2) MUlAlIicM CAEL OLS) ANN clacmaulalalialemelole 
hydraulic pressures and quantities were zero 


— Panel R2 APU switches 


1 Oss) | im as -(0[-946) 


C 
13:59°3%.59:37 LO ,4;00:18 


14,01:10 


PNotoi(o (sla) im iaalciilarcm (eve)alep 


14:00:03 - 14:00:05 -RGPC2 data indicate cabin parameters 
VV ciecm ale) seats lMurolOpdlit- lava ele) i\(c MUlAlINSMOA\ eA OSS) ANN ol@omaulavalialemelele 
hydraulic pressures and quantities were zero 

— Panel R2 APU switches 


14:00:18 — Main vehicle break-up, or “Catastrophic Event” 

(CE), based on video & Operational/ Experimental (OEX) 

recorder power loss 

— Forebody separation was due to starboard payload bay sill failure 

((dateyaa ate lp ere late Migtomcjc-lgeler-1c0meallal qr eleli(c1emigicelulelamial-Meloyauslale| 
frame. The forebody yawed left and pitched down, and the port 
X-link failed at the 582. The crew module shifted inside the 
forward fuselage, causing impacts & probable breaches (Vol. E 
(oFeTaarelelcremice)pame=1(e))\) 
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Middeck Floor y 
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— Impact Area 
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C 
13:59°37.59:37 LO ,4,00:18 


14,01:10 


PNotoi(o (sla) im iaalciilarcm (eve)alep 


¢ 14:00:03 - 14:00:05 — Reconstructed General Purpose 
Computer (RGPC) data indicate cabin parameters were 
ale)gant-lmmrelOpdlit-lava ele) cimmUlallism CAV eA Oss) MN o)comaulalalialemeleie 
hydraulic pressures and quantities were zero 


— Panel R2 APU switches 


¢ 14:00:18 — Main vehicle break-up, or “Catastrophic Event” 
(CE), based on video & OEX recorder power loss 
main \Vik=x0| (6x lim onVd(0(=1a(@comm [ale |(erelicxom tare lmualomer-10)/am e)eoroy-J0 | comee)alellile)amelt 
CE was within the bounds of human survival. Therefore the 
cabin depressurization started No Earlier Than (NET) the CE at 
14:00:18 
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6 
13:59°9?.59:37 00:38 14:00:39 


14,01:10 


PNotoi(o (sla) im ilaalciilacom (eve)alep 


¢ 14:00:35 — Cabin depressurization start No Later Than (NLT) 
time, based on ballistics on patch 


— First lethal event: cabin depressurization (unconsciousness in 
~6-8 seconds) 
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14,01:10 


PNotoi(o (sla) imi iaalciilarom (eve)alep 


¢ 14:00:35 — Cabin depressurization start No Later Than (NLT) 
time, based on ballistics on patch 


¢ 14:00:53 — Crew module break-up, or “Crew Module 
Catastrophic Event” (CMCE), based on video 
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C cE 
13:59:32.59:37 + 90:18 & 00:53 60:59 


14,01:10 


PNotoi(o (sla) ami iaalciilarom (eve)alep 


¢ 14:00:35 — Cabin depressurization start No Later Than (NLT) 
time, based on ballistics on patch 


e 14:00:53 — Crew module break-up, or “Crew Module 
Catastrophic Event” (CMCE), based on video 


e 14:00:59 — Cabin depress complete No Later Than (NLT) 
1] aalowan OY- Ksx210 Me) a MAV/(0 (210 eam one -\\ manele (Ul(-m(@kcimcy(0/alli(erslalmcliaulelelecl 
altcte]ainva e\yamealicmeleals 
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E 
13:59F.59:37 Lee 0:18 © 00:59 cM 


14:01:10 


PANotoi(o (sla) imi laalciilaccm (eve)alep 


¢ 14:00:35 — Cabin depressurization start No Later Than (NLT) 
time, based on ballistics on patch 


e 14:00:53 — Crew module break-up, or “Crew Module 
Catastrophic Event” (CMCE), based on video 


e 14:00:59 — Cabin depress complete No Later Than (NLT) 
1] aalsvan Of< Kso10 Me) AMAA (0 (210 eam eng =\\ manele (Ul(-m(@kcimcy(0/alli(erslalmcliauleleleel 
altcte]ainvaeyyamealicmeleals 


¢ 14:01:10 - Total Dispersal, based on video 
— Apache video of CMCE thru TD 
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(az 
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14:01:10 


PANoxei(e(cJal mm Biait-lilatcm(ere)ale 


¢ Following CE and CMCE (unconscious crew): 


— Second lethal event: exposure to a dynamic rotating 
environment with nonconformal helmets and a lack of 
1G} e) ella olelehvmacrsiie-lialt 


— Third lethal event: separation from the crew module and 
Tots HRCMNVIN ABs boty@ ler fol sle nce) Re stomm aarclisl atl mlaliclecterlle)alswmrslare 
idals)aaatclmere) arsisxe [UL] al ects 


— Fourth lethal event: exposed to near vacuum (~0.03 psi 
(@oMR-To Role lep r= (=) cele \V/ar- lanl omr- (exer) (<1 e-l1(0)alseare ale mere) (6) 
temperatures 


— Fifth lethal event: ground impact 
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(az 
13:59°3.59:37 ie 00:18 a 00:59 cM 


Lethal Events Summary 


¢ First lethal event: cabin depressurization 
unconsciousness in ~6-8 seconds 
— SURVIVABLE with current shuttle crew escape hardware 


e Second lethal event: exposure to a dynamic 
Ke)F- dale mela siae)alanciimnviliamare)alere/alie)aaet-lmalciieatcies 
rel ale re t- (el) @x@) ime) 6) 01—) au elele\Vmacrsiieelialt 
— SURVIVABLE with current technology 


e Third lethal event: separation from the crew module 
and seats with associated forces, material 
Taltczes(o1t(e)atcyer- tale mcal-yaenr- lieve) alsyore[elclalecxs 

— NOT SURVIVABLE with current technology 
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(az 
43:59°34.59:37 ie 00:18 a 00:59 cM 


Lethal Events Summary 


e Fourth lethal event: exposed to near vacuum (~0.03 
psi @140,000’), aerodynamic accelerations, and 
cold temperatures 

SOLO RAVARYSA\ =) ml =eanli' va melelec=)almcororalave)(ele ym (lm=1ei6)|e)aalsvall 
remains intact) 


e Fifth lethal event: ground impact 


— SURVIVABLE with current shuttle crew escape hardware 
Cim=fo Tfelantelalalc-lant-llakomlalc\oim-lalem-lelce)gate liom erle-lealel i 
sequence is initiated) 


SCSIIT Page 37 


“Key Findings and 
_ Recommendations 


Vehicle Design and Operations 


am alc oX-m 01 €o0"]V/ 0 (=100) OL) acme | (em alelmrere) an] e)(-a(omel(@)\.omele)alaliale mmelal-mel |e) 
jale)mexe)an}e)(<1tmals)|parc)melelalaliare mare) mcicrlms)ie-| emi |ammmmal-me(oxe)ae)| 
preparation period of shuttle missions is so busy that crew 
aalsyan) els) ecwmiasre [elczalinvae (om ale)mar-\Vom=alelele lam iiagtomcemere)aele)(citcmuals 
(o=Yo) ge) iq 0) a=) er-le- lilo lal tts), <om 0) a(0)ancomialome(-\e)ge)imelulgar 


— Future spacecraft and crew survival systems should be designed 
such that the equipment and procedures provided to protect the 
crew in emergency situations are compatible with nominal 
operations. Future spacecraft vehicles, equipment, and mission 
timelines should be designed such that a suited crew member 
can perform all operations without compromising the 
configuration of the survival suit during critical phases of flight 


— Shuttle D/O Prep training partially addresses this. Hardware and 
timeline issues not addressed by Shuttle 

— Constellation suits and Orion have requirements to 
Tororo) salantelerclccmcle lime e)ala)iale eum anale)e| jum @r-le)lalma-xee)alire lees licele 
operations are not addressed 
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WV{s) al(el(syeolOlimlalislarslersts 


e The current Advanced Crew Escape Suit (ACES) was added 
after the shuttle cockpit was designed and built. In many 
cases, the operations that the crew must perform are difficult 
C6) perform while wearing the suit. Some crewmembers must 
choose between not wearing portions of the suit (gloves) to 
perform tasks efficiently, or wearing their gloves to protect 
Ye reUarsimelscralelenliatelmreligaress)e)alcia(emciier-lle)atcm-lmlalomy delclaliome)| 
fale)anliar lime) eloie-tile)ars 

— Future spacecraft and crew survival systems should be designed 
such that the equipment and procedures provided to protect the 
crew in emergency situations are compatible with nominal 
operations. Future spacecraft vehicles, equipment, and mission 
timelines should be designed such that a suited crew member 
can perform all operations without compromising the 
configuration of the survival suit during critical phases of flight 

— Orion is being designedto,-be,operable.by.a pressure suited 
crewmember 
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Vehicle Redundancy 


¢ Complete loss of hydraulic pressure to the aerosurfaces 
exciullijale Mm icelanmeatcm e)acr-lepmiamlalcm(ciMNU ale MUUctsmealc 


probable proximal cause for the vehicle LOC 


— Future vehicles should be designed with a separation of critical 
functions to the maximum extent possible and robust protection 
for individual functional components when separation is not 
jeygeXot(erel| 


— Orion required to comply with the requirement in JSC Design 
and Procedural Standards, Section G-2 
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Crew Suits 


e None of the crew members lowered 
and locked their visors 


— Future spacecraft crew survival systems 
should not rely on manual activation to 
protect the crew 

— Not currently addressed by Constellation 
requirements or designs 
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Crew Suits 


e Lethal injuries resulted from 


[arete(cto [Ure l(omU]e) el) mu elele\vmacssiie-lialmrel are 

o)ce)(cYo1tlolamellldialemae)r-lilelar-lmaareiceye 

— Design suit helmets with head protection 
as a functional requirement. Suits should 
incorporate conformal helmets with head 
and neck restraint devices 

aie MAl=m Oxo) als)(clit-lile)amelel| mate tomalcrolem ipa] eyelet 


elale Mm alors lelial=yer.qnla)|elavaelae)toverile)a 
requirements 
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Crew Seats 


¢ The seat inertial reels did not lock. Lethal injuries 
resulted from inadequate upper body restraint and 
e)ce)ccreri(e)a Melb) alaremae)r-lile)arelmantelicele 


The current shuttle inertial reels should be manually 
locked at the first sign of an off-nominal situation 


Shuttle crews are now instructed to lock inertial reels at the 
lil gsimmsyle[ale) mr-lame)icaale)ealiar-\mcyiter-lile lam alisvem- (ele (-10 mr Ms}(-1 Ome) 
the LOC/Breakup procedures 

The use of inertial reels in future restraint systems should 
be evaluated to ensure that they are capable of protecting 
the crew during nominal and off-nominal situations without 
active crew intervention 

Shuttle seat inertial reels have been changed to MA-16 

WV] @Xomm (store lmrelerer=) (=) r-10le)acy>)evs)|alem|am-lele lee amie mciigel 
acceleration-sensing) 


(@)ale)amsistsltsme (om ale) MUls\>m lalsvaltsl masts) ts 
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Crew Seats 


¢« The seat restraint system caused lethal-level 
injuries to the unconscious or deceased crew 
members when they separated from the seat 
— Future spacecraft suits and seat restraints should use 
state-of-the-art technology in an integrated solution to 


minimize crew injury and maximize crew survival in off- 
nominal acceleration environments 


— Orion seats are being designed with Occupant Protection 
as a key driver. Design features include lateral bolsters, 
flail restraints, and wide belts. 
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Crew Training 


ae BATomeleleccialmig-liallaremaste||palolamsis) ele leelicts 
vehicle systems training from crew escape 
training. 

— Incorporate objectives in the astronaut training 
program that emphasize understanding the 
transition from recoverable systems problems to 
impending survival situations 


— Not currently addressed formally in crew training 


sein 1010) naT-lihvarale (01 actoyoyo10 Me) @1D) par-lalemeltc\motsier-l elo 
idee laliale 
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Crew Procedures 


¢ The vehicle LOC emergency egress procedures 
taught to the STS-107 crew did not address a LOC 
olerel Ul aalalemelelaialem-valiay 


— Assemble a team of crew escape instructors, flight directors, 
and astronauts to assess orbiter procedures in the context of 
ascent, deorbit, and entry contingencies. Revise the 
procedures with consideration to time constraints and the 
interplay among the thermal environment, expected crew 
module dynamics, and crew and crew equipment capabilities 

— For Shuttle — in work 

— Prior to operational deployment of future crewed spacecraft, 
determine the vehicle dynamics, entry thermal and 
aerodynamic loads, and crew survival envelopes during a 


vehicle LOC so that they may be adequately integrated into 
training programs 


= Not yet addressed for Orion 
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Investigation Process 


¢ SCSIIT effort suffered from a low priority relative to 

other shuttle program recovery efforts. Team 

aats)aa)elc)acm ar- (em comel\v(e(om lars) Mmllaaromel-iNNlctova mals 

Tan exit le fe lile)a miele qr- lao mcal-m\iele @uce)mucal-y|mare)pals 

(o)cef-laly4-\t(e)a mum Maliswm (<1emcome(-1(-N acm lamerelenle)iciiiale mats 

SCSIIT work and, in some cases, significant 

decrease in availability or complete loss of 

members of the SCSIIT. 

— In the event of a future fatal human spaceflight mishap, 
NASA should place high priority on the crew survivability 
aspects of the mishap both during the investigation as well 


as in its follow-up actions using dedicated individuals 
appropriately qualified in this specialized work. 
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ieraalaarsiacela 


The SCSIIT investigation was performed with 
the belief that a comprehensive, respectful 
Tahv{exsitle Felele) piexel 0] (em e)ge)is(elom <ale)iuicielercomiar-lmuvelelre 
improve the safety of future space flight crews and 
explorers. 


SV (cts lanl are mialcrsvom (oss\e) alcwr- (ale mci arsle)alalemiar- luc 
oXo)aliialelom tatsmlel0) aalc\va elie [Ulam e)ymlal-mel koi N\cme) AN ele)I (0) 
1, Challenger, and Columbia, we help to give 
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Ad Astra Per Aspera - Semper Exploro 


To the Stars Through Adversity - Always Exploring 
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